Recent decadal salinity changes in the Greenland-Scotland overflow-derived deep waters are quantified using CTD data from repeated hydrographic sections in the Irminger Sea. The Denmark Strait Overflow Water salinity record shows the absence of any net change over the 1980s-2000s; changes in the Iceland-Scotland Overflow Water (ISOW) and in the deep water column (σ 0 > 27.82), enclosing both overflows, show a distinct freshening reversal in the early 2000s. The observed freshening reversal is a lagged consequence of the persistent ISOW salinification that occurred upstream, in the Iceland Basin, after 1996 in response to salinification of the northeast Atlantic waters entrained into the overflow. The entrainment salinity increase is explained by the earlier documented North Atlantic Oscillation (NAO)-induced contraction of the subpolar gyre and corresponding northwestward advance of subtropical waters that followed the NAO decline in the mid-1990s and continued through the mid-2000s. Remarkably, the ISOW freshening reversal is not associated with changes in the overflow water salinity. This suggests that changes in the NAO-dependent relative contributions of subpolar and subtropical waters to the entrainment south of the Iceland-Scotland Ridge may dominate over changes in the Nordic Seas freshwater balance with respect to their effect on the ISOW salinity.
since 1996-1997 , hereinafter referred to as S07) and the arrival of the ISOW 48 salinification signal into the Irminger Sea (S07) and Labrador Sea (Yashayaev and Dickson, 2008 ) 49 at the beginning of the 2000s. However, the reported ISOW freshening reversal has not been 50 explained; and the recent decadal trends in the DSOW properties have not been assessed. 51
In this paper, we use CTD data from repeated hydrographic sections in the southern Irminger 52 Sea ( Figure 1 , section 2), were both overflow-derived deep water masses are observed (e.g., S07, 53 been gradually warming and salinifying in the subpolar North Atlantic in the past decade 156 . Figure 4b shows that in the lower part of the LSW layer (27.7927.80) salinity reached its minimum in 1995-1996 and has been monotonically increasing since 158 then. A transfer of the LSW salinification signal to deeper levels via mixing, see (Yashayaev et al., 159 2008), explains the detected ~1-2-year shift in the beginning of salinification between the upper 160 and lower parts of the ISOW layer. Note that an along-path mixing of ISOW with salinifying LSW 161
is not the main cause of the recent ISOW salinification (as we discuss in section 5) but this mixing 162 appears to be the factor amplifying the salinity increase at least in the upper part of the ISOW layer 163 along the ISOW pathway. Thus, we conclude that the major cause of the ISOW freshening reversal in the Iceland Basin 295 in the 1990s was the increase in the entrained water salinity. 296
Although the overflow and LSW salinity variations are not responsible for the change of the 297 ISOW salinity trend sign, these variations contributed to the ISOW salinity changes in the 1990s to 298 some extent. Indeed, the 'overflow + LSW + entrainment mixture' − ISOW salinity anomaly 299 correlation (R = 0.79, significant at the 0.98 level, Figure 7i ) is slightly higher than the correlation 300 between the entrainment and ISOW salinity anomalies (R = 0.72). In other words, salinity 301 anomalies for the three water types, contributing to the ISOW formation, correlate with the 302 observed ISOW salinity anomalies more closely when summed than they do separately. The 303 'mixture' − ISOW salinity correlation for the 1990s is not perfect but high (R = 0.79), suggesting 304 that representation of ISOW as a mixture of the three water types according to the recipe of D02 is 305 somewhat simplified but generally suitable. 306
Our conclusion on the primary role of the entrainment salinity change in the ISOW 307 freshening reversal agrees with the suggestion by Yashayaev and Dickson (2008) that the deep 308 water salinity increase detected in the Labrador Sea in the first half of the 2000s resulted from a 309 remote effect of salinification of the Subpolar Mode Water (SPMW), entrained into the ISOW layer 310 along the Reykjanes Ridge, rather than from the influence of salinification in the LSW layer. 311
On the cause of salinification of Atlantic waters entrained into ISOW 312
What remains to be explained to complete the attribution of the recent deep water freshening 313 reversal is the cause of reversal of the long-term freshening of the northeast Atlantic waters, 314 entrained into ISOW, in the mid-1990s. 315
As has been discussed in a number of studies (Bersch, for by the polynomial model (Draper and Smith, 1998) . 552 calculated as the sum of normalized S anomalies for these two components. S anomaly axis scale is 585 the same as in previous figures. R is the Pearson's correlation coefficient; p is the probability that 586 the correlation is due to chance. 587 
